Increasing interest in MRI with hyperpolarized gases (see, for example, [1, 2]), which can produce a large MR signal even at low magnetic fields, has lead to attempts to build MRI scanners that employ very low magnetic fields (several mT [3][4][5]). While MRI at very low magnetic fields has certain potential advantages, it may also face problems that are not encountered with MRI at high field (0.1 -10 T). This presentation is concerned with one set of these problems -artifacts resulting from concomitant magnetic field gradients unavoidably created by the gradient coils used to encode spatial information in MRI. Background: Any static magnetic field ( ) b r in a free space satisfies Maxwell's equations
Introduction:
Increasing interest in MRI with hyperpolarized gases (see, for example, [1, 2] ), which can produce a large MR signal even at low magnetic fields, has lead to attempts to build MRI scanners that employ very low magnetic fields (several mT [3] [4] [5] ). While MRI at very low magnetic fields has certain potential advantages, it may also face problems that are not encountered with MRI at high field (0.1 -10 T). This presentation is concerned with one set of these problems -artifacts resulting from concomitant magnetic field gradients unavoidably created by the gradient coils used to encode spatial information in MRI. 
This surface is a cylinder of radius x R with an axis parallel to the Y-axis crossing through
. The "targeted" plane 0 x x = is tangential to the cylinder. Note also that the position of the cylinder's axis is independent of x 0 , i.e., independent of the RF slice-selection frequency ω. Thus, RF pulses with different slice-selection frequencies excite not a set of parallel planes but a set of concentric cylinders of different radii. As a result, a targeted slice of a thickness ∆x 0 "deforms" into an annulus between two cylinders; a cross section of this annulus being a ring of the same thickness ∆x 0 . The deviation of the points on the cylinder's surface from the targeted plane, δx, depends on their zcoordinate. If the field B 0 is strong enough, the distortion parameter considerations, producing relationships between targeted objects and obtained MR data.
Intensity Image Distortions:
The presence of concomitant fields also leads to an inhomogeneous distribution of magnetization in the selected curved "slice". Indeed, by the end of the slice-selection gradient ramp-up period, spins will have aligned along the direction of magnetic field (we assume that adiabatic condition holds). Because of the presence of concomitant gradients, this field is inhomogeneous in both magnitude and orientation, application of a slice-selecting RF pulse will then also create a rather complex and spatially dependent distribution of magnetization orientation, thus ultimately signal intensity, within the selected curved slice. Next, during the read-out procedure, when the gradient is on, a time-dependent z-component of magnetization M appears in addition to the desired transverse components. Also, the absolute value of the projection of M on the XY-plane becomes time-dependent; hence, a standard interpretation of magnetization rotating in the transverse plane is no longer valid. Conclusion: This presentation derives expressions describing geometrical relationships between the imaged object and the obtained MR data. At very low field the concomitant field gradients that are inevitably generated by the same gradient coils that generate desired gradients used in MRI for spatial encoding cause substantial geometric and intensity deformations of imaged objects. If unaccounted for, corresponding image distortions will create substantial difficulties in very low field MR image interpretation. An obvious solution to the problems of MRI at very low fields is to use imaging gradients with very low amplitudes. In this case, the image deformation parameter ε can be made small, preserving the accuracy of the image's geometrical parameters. However, this approach substantially impairs imaging capabilities. Another possible approach is to use relationships derived herein to restore the shape of original object.
